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Abstract 
A new two-stage light-gas gun type accelerator was developed at Fraunhofer EMI. The accelerator features two parallel pump tubes that 
are attached to a single powder chamber. Loading conditions are adjusted to achieve a small delay between the arrival of the two pistons 
at their respective accelerated reservoir. A merging section combines both gas channels and guides the two pressure pulses generated to a 
single launch tube breech. The two pressure pulses merge to a single, but elongated pressure pulse that acts on the projectile. Carefully 
adjusting the loading conditions shall in the future increase the performance compared to standard light-gas gun accelerators. Initial 
experimental results of the calibre 4 mm prototype show feasibility of the concept. 
© 2015 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Hypervelocity Impact Society. 
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Fig. 1. Schematic sketch of the TwinGun accelerator developed at Fraunhofer EMI. 
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1. Introduction 
Hypervelocity impact research requires accelerators that can reproducibly accelerate almost arbitrarily shaped objects to 
hypervelocity. Currently, two-stage light-gas guns are the most capable accelerators for projectiles with masses ranging 
from some hundred micrograms to kilograms. The Fraunhofer Institute for High-Speed Dynamics, Ernst-Mach-Institut, 
EMI, operates several two-stage light-gas guns [1], performing basic hypervelocity research as well as applied research [2-
10]. 
The projectile velocities achieved with such accelerators are limited. Especially in space-related impact research there is 
a demand for higher accelerator performance. The impact velocity for in-orbit objects (e. g. for collisions between spacecraft 
and space debris) can reach 15 km/s, which is clearly above the performance level of current accelerators. 
The threat posed by space debris has significantly increased during the past years [11]. Remarkably enough, only ten 
incidents are responsible for one third of the overall population [12]. The two most significant are the destruction of 
Fengyun-1C [13, 14] in January 2007 and the collision between Iridium 33 and Cosmos 2251 [15] in February 2009. 
Simulation studies demonstrated the future unintended growth potential of the anthropogenic particle population orbiting 
Earth, resulting from random, accidental collisions among resident space objects [16, 17]. 
In the past, efforts were undertaken to further enhance the performance of two-stage light-gas guns [18, 19] or to create 
new hypervelocity launchers with higher muzzle velocities [20, 21], underlining the need for such launchers. 
In the hypervelocity launcher community it is generally accepted that the performance of current two-stage light-gas guns 
is limited not only by the properties of the projectile, but also by the durability of launcher components. During every single 
acceleration cycle, the accelerated reservoir section and the launch tube are subjected to very high loads. When attaining the 
highest performance achievable, those components can be damaged by a single acceleration cycle in a way that they require 
re-machining before they can be re-used. 
Investigation of the TwinGun concept was initiated in an attempt to maximise the attainable velocity while limiting the 
accelerator's maximum load to a reasonable level. In the following, the implementation in terms of a hypervelocity 
accelerator will be named “TwinGun”, while the concept itself will be named “TwinGun concept”. 
2. Description of the TwinGun Concept 
The accelerator's concept is based on the two-stage light-gas gun principle [22-24]. It consists of a pumping stage as the 
first stage and an accelerator stage as the second stage. Fig. 1 (page 1) shows a schematic sketch of the launcher. Contrary to 
conventional two-stage light-gas guns, a TwinGun is equipped with two parallel pumps. Each pump consists of a tube, an 
accelerated reservoir section [25] and a piston travelling within tube and accelerated reservoir. Both pumps are driven by the 
same powder chamber. A merging section, which is not required for standard two-stage light-gas guns, is located between 
the two pumps and the launch tube. 
The pistons in the two pumps are accelerated almost synchronously. Each pump creates a pressure pulse at the exit of its 
respective accelerated reservoir. Initial conditions are adjusted in a way that one piston reaches its accelerated reservoir 
shortly after the other. Thus one pressure pulse succeeds the other by a small delay. The merging section directs the two 
pulses into the launch tube, combining them. The delay between the two pistons is carefully adjusted. If it is too large, the 
second pressure pulse will never reach the projectile, ceasing without any positive effect. A too short delay on the other 
hand will produce a very strong pressure pulse, causing unnecessary wear and probably damage to the accelerator parts. In 
fig. 2, the pressure pulses generated by a conventional two-stage light-gas gun and the new accelerator are shown 
schematically to highlight the concept. 
 
Fig. 2. Schematic comparison of the pressure pulse generated by a conventional two-stage light-gas gun (left) and the newly developed TwinGun 
accelerator (right). 
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2.1. Implementation Requirements of the Principle 
As the accelerator concept is based on two-stage light-gas guns, most of the operation requirements are identical. 
Synchronous operation of the two pumps adds two additional requirements for a successful implementation of the TwinGun 
concept. 
First, the piston motion needs to be controlled in a very reproducible way. For a standard two-stage light-gas gun, 
reproducibility of the piston motion is of minor concern. Acceleration of the projectile starts very late with respect to the 
piston motion (usually when at least 80 to 90% of the piston motion is completed). The properties of the piston and the 
driver gas at that time depend only slightly on the exact timing of the piston motion before. 
Second, a method to effectively manipulate the inter-piston delay is required. The delay between the two pistons at the 
accelerated reservoir has to be carefully adjusted. Only then it is possible to identify the optimum delay. 
For a TwinGun, control of the piston motion is essential. The concept relies on the successful implementation of a 
precise timing of the motion of the two pistons. 
2.2. Powder Chamber 
A precise timing of piston motion is achieved implementing several arrangements. The basis for a successful motion 
timing is the use of a single powder chamber for both pumps. The ignition process of smokeless powder generally involves 
considerable uncertainties on the time axis [26]. That is, the time delay between ignition and maximum pressure in powder 
camber varies considerably. The approach with a single powder chamber to drive both pumps eliminates the problem of 
synchronising multiple charges of smokeless powder. The single powder chamber ensures a coarse piston synchronisation, 
therefore being the first step to precisely control the motion of the two pistons. 
3. Feasibility Study 
In a dedicated study, feasibility of the concept was investigated based on numerical simulations. The study comprised 
three steps: numerical simulation of a standard two-stage light-gas gun and verification against experiments, numerical 
simulation of a TwinGun using the same models and comparison against standard two-stage light-gas gun simulations, and 
finally parametric investigations of a TwinGun accelerator. 
In the first two steps, a good agreement between experimental and numerical data was achieved. The numerical 
parametric investigations show that the TwinGun is capable to achieve the same performance with a reduced load on gun 
components. Fig. 3 shows the calculated pressure at launch tube breech for a standard two-stage light-gas gun (“Micro 
Particle Gun”) and a TwinGun with similar dimensions. 
The parametric investigations show that the inter-piston delay can be easily manipulated by modifying the masses of the 
two pistons. In the example given in fig. 3, the two piston masses differ by 7.5%. In the simulations, this results in a delay of 
approx. 80 μs between the two pistons (when arriving at their respective accelerated reservoir). In the example given, the 
same velocity (3.3 km/s) is reached, while the maximum pressure is reduced by approx. 30%. 
 
Fig. 3. Calculated pressure comparison at launch tube breech for standard two-stage light-gas gun (“Micro Particle Gun”) and TwinGun. 
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4. Accelerator Description 
Following the successful feasibility assessment of the accelerator principle, the next step was to design, construct, build 
and initially operate a TwinGun accelerator. Fig. 4 shows a 3D CAD representation of the TwinGun after construction. 
Fig. 5 shows a photograph of the TwinGun prior initial operation. 
The size of the accelerator was chosen to be similar to the Institute's Micro Particle Gun (former Baby Gun), a calibre 
4 mm two-stage light-gas gun [1]. The accelerator comprises a 150 cm³ powder chamber, two pump tubes with 760 mm 
length and 20 mm diameter, two accelerated reservoirs with 180 mm total length, a merging section with 50 mm length and 
a launch tube with 1200 mm length and 4 mm nominal diameter. 
 
Fig. 4. CAD representation of the TwinGun. 
 
 
Fig. 5. Photograph of the TwinGun prior initial operation. 
The accelerator uses nitrocellulose based smokeless powder as primary energy source. The pistons are made of 
polyethylene. Hydrogen is used as driver gas. The sabot is made of polycarbonate. The accelerator is operated without a 
dedicated burst diaphragm; the sabot is used to seal pump tube from launch tube. For this accelerator size, static friction of 
the sabot is large enough to ensure sufficient pressure built-up in the pumping stage prior acceleration. If required, a burst 
diaphragm can be added. 
The velocity achieved by the accelerator is measured by two laser light barriers that are placed 160 mm behind the launch 
tube muzzle with 500 mm spacing. Launch tube breech pressure is recorded in the merging section with 10 mm distance to 
the launch tube breech. Position of the pistons is measured using five pairs of pressure transducers along the pump tube. An 
additional pressure sensor is located in the powder chamber to monitor the charge burning process. The launch tube and the 
attached blast tank are evacuated prior each experiment from ambient air to a pressure in the range between 10 and 20 kPa 
(0.1 and 0.2 atm). 
It is possible to separate the two pump tubes and set individual initial conditions for both. In the current experiments, the 
pump tubes remain connected, so the initial hydrogen pressure is the same for the two pump tubes. 
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5. Initial Operation 
So far, the accelerator was used for initial operation only. All experiments were performed with cylindrical polycarbonate 
sabots only. No other projectiles (e.g. spheres) were accelerated. 
The results of the initial operation clearly demonstrate feasibility of the concept. Data from the first few experiments 
shows that a certain delay between the two pistons create an elongated pressure pulse at the launch tube breech. The 
duration of this pressure pulse depends on the delay between the two pistons. Fig. 6 shows an example of the pressure 
generated at the launch tube breech. In the pressure recordings from this experiment, the double peak is clearly visible. The 
first maximum occurs at around 2.8 ms, while the second maximum occurs roughly 90 μs later at 2.89 ms. This specific 
recording is from experiment 71, where the two pistons arrived at their accelerated reservoir with approx. 90 μs delay. 
Similar results were obtained during the first few experiments of initial operation. 
 
Fig. 6. Pressure recorded by sensor at launch tube breech during experiment 71. 
The masses of the two pistons in experiment 71 were 30.54 g and 29.98 g. The piston mass difference amounts to 1.8%. 
8 g of smokeless powder were used to propel the pistons. Initial hydrogen pressure was 0.8 MPa (8 bar). The lighter piston 
started early in this experiment which contributed to the considerably large piston delay. The cause for the two pistons not 
starting synchronously is not well understood so far. Possible causes are differences in piston geometry, e.g. diameter. 
In the pressure trace shown in fig. 6, contributions from the two pumps can be distinguished clearly. This is only true 
when the piston delay exceeds a certain duration. For shorter piston delays, pressure from the two pumps integrate into a 
single, but elongated pulse. This is in fact the desired mode of operation. Further experiments conducted with this 
accelerator suggest that the optimum piston delay is between 30 and 50 μs. 
6. Conclusions 
Performance enhancements of two-stage light-gas guns can be achieved by optimisation of the existing technology and 
new concepts. This paper presents a new concept for a two-stage light-gas gun type accelerator. Major idea behind the 
concept is to incorporate the durability of the accelerator's components into the accelerator cycle, allowing to maximise the 
attainable velocity while limiting the accelerator's maximum load to a reasonable level. 
Numerical investigations show that with the TwinGun concept, the same exit velocity can be achieved with reduced 
maximum pressure inside the accelerator. 
Experimental data shows feasibility of the concept: A TwinGun accelerator can be safely operated. When initial 
conditions in this accelerator are carefully adjusted, the two pumps create an elongated pressure pulse at the launch tube 
breech, which acts as desired onto the projectile. 
Since the accelerator is in operation, it can be used to perform further research on the concept. Most demanding questions 
are piston motion reproducibility to ensure a reproducible piston delay and effective piston delay manipulation. To control 
inter-piston delay, variation of the masses of the two pistons is envisaged. Once the piston delay can be reproducibly and 
effectively manipulated, the next steps are identification of the optimum piston delay and, of course, optimization of 
performance while maintaining the load imposed on the components. 
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